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Method of producing optically active alpha-hydroxy add or alpha-hydroxyamidc 



(57) A reaction system, whoroin a cyanohydrin ie 
converted into an optically active a-hydroxy acid or a- 
hydroxyamido via a treatment In a reaction tank (f) with 
a microorganism, is provided with an automatic cyano- 
hydrin controller (h) comprising a cyano Ion detector (a), 
a regulator (b) and a cyanohydrin supplier (i) and 0) 
linkod thereto. The reaction ie performed while automat- 
ically controlling the cyanohydrin concentration. 



Thus cyanohydrin can be supplied under automatic 
control at a relatively low and conatant concentration on 
the basis of Hs consumption ratio. The reaction rate of 
the catalyst can be continuously regarded as the rate- 
limiting factor As a result, a decrease in the enzymatic 
activity during the reaction can be suppressed and an 
optically active a-hydroxy acid or a-hydroxyamide can 
be efficiently obtained at a high yield. 
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Doaerlptlon 

P|F| , n QF THg INVENTION 

10 and agricultutal chemicate. 

pACttgRQUND OP THE INVEWnQM 

Nitritefio is an enzvme capable d hydrolyzing a nitrile into the corfespondlng aekJ. and nitrile hydtatase is an 

ycaTyTaCaCrraJi^^^^^^^^ 

Sose enzvtno activities [see. lorexampla, JP.A.2-84i98 (corresponding to U.S. Patent 5.283 193 , JP A ^f '^f 
eP-A^iT&ie (corresponding to JP-A^99«95. JP.A-4.99496 and JP-A^218385. respectively), f'^;^^^^'' 
!pt^.S79S(co^^5pe«din9to U.S. Patent 5.296.373), JP.A-S-192189 (corrwponding to U.S. Paten 5.326.702^ 
t'^^^^I^X^I^^ (corresponding to £P-A^ 610 048). "^P^' ^^^^ ^''^ " 

•l«Imined DuUiahed Japanese patent application"; and Appi. Env. MicrobioL. 57 302B (i 991 )]. 

T^^StSS^ SJto MCh ae microbial cells or enrymos such as nitniase and nitrile hydratase are highly 
aonlrrinStTi^^^^ and pru«te aoid eonstituting the same. In tho rT,e.hods cHcd abovy cc^- 
ZZroJ^TCZ out by treating a relatively low concemratlcn cyanohydnn solution «lth rr.«rob«i cells or an 
/>r,TWf«o Thufi 11 is difficuh 10 obtain Ihe product at a high concentration by these methods, 
*T^or;JiSi^S^entra.i^^^ 
Thus St niewai to perform the cerrplicatod operation o» supplying the cyanohydnn wh.ie a^so rneasunng the 
Sanc^yiriH^mratlci to malce up for the loee thereof. This causae problems in industnal applieaUon. 

30 SUMMARY OF THE INVENTION 

The prwent inventors have discovered that a cyanohydrin may attain dissociation equilibrtum ^J^^^^ 
and P~s8ic acid in an aqueous medium at a definite equilibrium constant dependrng upon the pH Th s d.«socet»n 
JnuiT-Trrav also bTeetabiished under optimum reaction conditions (e.g.. pH. temperature, lonic strength) of m- 
SLTce;.7antn^;H fe. the p^ScacW concenuattor. *--V»,^''^«y P^^^^^^^^^^ 
conconlraiion. The present hventors have furtherdiscovered that the ion selective electrode methods (JIS KOIog-l 974 
and JIS K 0102-1 985) with a cyano ion electrode n^y be used as a means for determining the prwence and amouw 
S«wo ion originating in prussic acid. Based on these findings, the present inventors have also discovered that the 

S^^entr^tion in a reaction system can be autcmatically cont«>lled at an 
monitoig the cyano ion concentration in the reaction system with a cyano ion detector and linking a cyartohydroi 
supplier wilh this cyano ion detector and a regulator. _kw<4-w>. «• « hu. 

Accordinoly. the present invention provides a method for producing an optically active aJiydracy acid or a-hy- 
d«xyamide<»mpr-|8ingtreatin9acyanohydrin represented by fomiula(l)wiihamicroorga^^^^^ 
3d.havinganitiflweorntoil9hydrataseactivTtytoconvertsaidc^^^ 

or a.hydroxyamide represented by fomtula (ll). wherein an automatic cyanohydrin controller composing a cyano ion 
?otS.^?egulaorandacyanohydrinsuppller|-«^^ 
controlling Ihe cyanohydrin concentration. 

Tho above-noted formula 0) and formula (ii) are indicated as follows: 



IS 



20 



26 



3S 



40 



SO 



55 



R,-C-CM ( I ) 

I 

OB 



EP 0 711 836 A1 



Rj-C-X (II) 
OH 

wnoroln fl-, roprosents a hydrogen atom or a methyl group; represeme a substilutod or unsubstitutod alkyl group 
(provided that Rj ie not a methyl group whan is a methyl group), a substituted or unsubstrtutad allcenyl group, a 
substituted or unsubctituted aryl group, a substiioled or unaubstltuted arallcyl group, a substituted or unsubatliuted 
cycloalkyi group, a subsllluied or unsubstituted allancy group, a substituted or unsubstituied aryloxy group, or a sub- 
stilutod or unsubstituted, saturated or unsaturated heterocyclic group; and X represents a carboxyl group or an amide 
group 

Whon the cyanohydrin in the reaction system is replaced by an aldehyde and prussic acid, these substances 
quiclcly come to equilibrium with the cyanohydrin. Thus, the object of the present invention is achieved 

Moroovor, the present inventors have discovered a method tor relieving the toxicity of an aldehyde on microbial 
colls or enzymes by adding sulfrte ion in the presence of a cyanohydrin or an aldehyde and prussic acid to frtereby 
iom an aldohyde-sulfurous acid complex (see, JP^A-5-1 92189 cited above). In this case, an equilibrium is quicl<ly 
roBchod among and between cyanohydrin/aldehyde/prussic acid/aWehyde-suHurous acid complex/sulfne ion. andthus 
the object of the present invention is attained. 

BRISF DESCRIPTION OF THE DRAWING 

PIguro 1 is a diagram which shows the constitution of an automatic cyanohydrin controller. 

Ql^AILED DESCRIPTION OF THE ilSIVENTION 

AO FIguro 1 shows> the automatic cyanohydrin conlroilcr of the present invention comprises a cyano ion detector 
(a) having a cyano ion electrode (e) and a reference electrode (d) as a detection unit, and a regulator (b) and a cyano- 
hydrin eupplior (h) (consisting of cyanohydrin^supplying pump/valve (i) and cyanohydrin pool tank Q)) linked thereto. 
Th& cyanohydrin concentration In the reaction system is continuously nrtonitored with the cyano Ion detector (a) The 
data thus obtained are sent as voltage signals to regulator (b) having a built-in ampfifier, ON/OFF relay, etc. and the 
cyanohydrin supplier (h) linked thereto. Thus, the cyanohydrin concentration can be controlled at an aibitrary level. 
For example, a cyano ion electrode (e) and a reference electrode (d) ao described in JIS K 0109-1974 and JIS K 
0102-1965 may be used as the cyano ion detecting unit. 

The cyano ion concentration in the reaction system is set within the detectable range of the cyano ion detector 
(a), I.O.. 0.01 to 10 mM, and preferably 0.1 to 5 mM. By controlling the cyanohydrin concentration in such a manner as 
to regulate the cyano ion concentration within this range, the enzymatic inhibftien by the microbial cells, etc. can be 
suppressed and the desired product can be accumulated at a high concentration. 

Tho microorganisms to be used in the present invention are not particularly restricted, so long as they have a 
nitrilase or nitrite hydratase activity. 

Examples of microorganisrns having a niuilase activity include those belonging to the genera Pseudomonas, Al- 
cal'gonos. Acinotobacter, Caseobacter, Corynebacterium, Brevibaaeiium, Nocardia, Fihodococcus, Gordona, Mhro- 
bactor. Bacillus, AumobaetBtium, Enterobacten Escherichia, Micrococcus, Streptomycos, F^vobaeterium, Aerom- 
onas, Mycoplana, Celluiomonas. Erwinia, Candida, Bacteridium. Aspergillus, Pentciinum, Cochliobolus, Fusariuman^ 
Rhcdopsoudomonas, As particular examples thereof, the foitowlng microorganisms can be cited; Pseudomonas sp, 
8C13.2 (PERM BP-3319). do. BC15-2 (PERM BP-3320), do. SK13 (PERM BP-3325). do. $K31 (PERM P-11310), do. 
SK87 (PERM P-11311). do. BC-18 (PERM 8P-4536). Pseudomonas synxanta I AW 12356. Alcal^enes sp. BC12-2 
(PERM P.1 1 263), do. BC20 (PERM P-l 1 2$4). do. BC35-2 (PERM BP-331 8), do. BC24 (PERM P-1 2063), Acinetobacter 
sp. BC9-2 (PERM BP-3317), Ca$0Obactor$p. BC4 (PERM BP-3316). do. BC23 (PERM P-11261), Corynebacterium 
nifnbpft/7u5ATCC 21419, Brevibacterium aoGtylicum\MA 1790, Brevibacterium hsivolum PJCC 11822» Nocardia sp. 
N-775 (PERM P-4447): Nocardia asteroidos IPO 3384, Nocanjia calcarca KCCA0l9l, Ndcardia potyohromogenos 
IFM 19. RhOdCCOCCUSe^. SK70 (PERM P-n304), do. SK92 (PERM BP-3324), do. HR11 (PERM P-1 1306), do. HT29-7 
(PERM BP-3a57). Bhodococous rhooochrous ATCC 12674, do. ATCC 19140, do. ATCC 33258. Rhodococcvs eryth- 
rcpoliS IFM 155, do. IFO 12320. do. IFO 12538. do. IFO 12540. Gordona tenaeMM (PERM BP-4635). Arthrobacter 
Sp, SK103 (PERM P-11300), do, HPl (FERM BP-3323), do. HR4 (PERM P-11302). Anhmbactoroxydans \f0 12138. 
Bacillus subtiih ATCC 21697. BaciUus ticheniformis IFO 12197, Badllus megalerium ATCC 25833. Aureobacterium 
tefacoumlAM 1561. Bntefcbactersp. SKI 2 (PERM BP-3322). Escherichia co/j IFO 3301, Micrococcus lutaus ATCC 
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383. Micrococcus varians I AM 1099, Micrococcus roseus IFO 3768. Streptcmyces griseus IFO 3355, Ffavobacterfum 
ep. SKISO (PERM P-11645), Plavobactenum flavescens ATCC 8315. Aoiumon^s puncisia IFO 13288. Mycopisna 
dimorpha ATCC 4297, Cetiulomonas fimi lAM 12107, BrwiniB herbicola IFO 12686 and Candida gumrmondu iFO 
0566. 

s OthQf microorganisms capable of producing a-hydroxy acids are described in the paienls cited above and are 
horoby incorporated by references. 

On Iho othor hand, examples o\ microorganisms having a nitrite hydratase activity include those belonging to the 
gonora Bhodccocojs, Corynebacteriumt Pseudomonas, Arthrobacter, Afcallgenes, Bacillus, Bacteridiun), Micrococ- 
cus. Bf9\fib8Gtenumdn6 Nocardia. As particular examples thereof, the foibwing microorganisms can be cited; Rho- 

10 dOCOOGUS sp HT40'6 (F£RM P-11774). Rhodococcus rhodcchnous ATCC 33278, Rhodoooocus erythropoll$ IFO 
12320, Corynobactenum nitrilophilus ATCO 21419, PseudomonasBp. SK87 (FERM P-11311). Arthrvb&der^p. HRl 
^f£^f^ BP-3323), Alkaiigoftes sp. BC16-2 (FERM BP-3321), Brwibactenum acety^cum lAM 1790. Nocardia erytth 
ropolis iF0 1 2539 and do. IFO 1 2540. 

Other microorganisms capable of producing o-hydroxyamides are described in the patents cited above and are 

IB hereby incorporated by relercnce. 

Among those microorganisms, Pseudomorras sp. BC13-2, do. BC15-2> do. SKIS, do. SK31, do, SKB7 and do. 
BC-18, Alcaiigenes sp. BC12-2, do. BC20, do. BC35-2, do. BC16-2 and do. SC24, Acinetobactersp, BC9-2: Casoo- 
dflCfer 8p. BC4 and do. BC2a Nocardia sp. N-775. Rhodococcus sp $K70. do. SK92, do. HR11 . do. HT40-6 and do. 
HT29-7. Gon^one ferae MA-1, Arthrobacter SK103, do, HRi and do. HR4, Entarobactorsp. SK12 and Piavobac- 

20 torium sp. SKI 50 were isolated from nature by the present applicant and described respectively in JP-A-S-192189 
(corresponding to U.S. Patent 5.326 J02), JP-A-4-218385 (corresponding to EP-ArO 449 648). JP-A-6-237789 (corre- 
eponding to E P-AO 6 1 0 048). each cited above, and JP-A-6-284899 (cor respondin g to EP-AO 61 0 049). Each of these 
strains has boon deposited at the National Institute of Bioscience and Human-Technology. Agency of Industrial Science 
and Tochnology, Tsukuba. Japan under the accession number provided above. 

2S Othor microorganisms can be easily obtained from the Anwrican Type Culture Collection, USA (ATCC). Institute 
of Applied Microbiology, the University of Tokyo, Tokyo. Japan (1AM), Kaken Phamrtaoeutical Co.. Ltd., Japan (KCC), 
inothuto tor Fermenlatton, Osaka, Japan (IFO) and the institute for Chemobiodynamics, the Chiba Unrversitj^ Chiba. 
Japan (IFM), 

In the cyanohydrins of formula (I), is a hydrogen atom or a methyl group: Ra 's a substituted or unsubstituted 
30 alkyi group (providod that R^ is not a methyl group when R, is a methyl group), a substituted or unsubstituted aikeryi 
group, a substituted or unsubstituted aryl group, a substituted or unsubstituted aralkyi group, a substituted or unsub- 
etltutod cycloalkyf group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted arybxy group, or 
a substituted or unsubstituted. saturated or unsaturated heterocyclic group. Typical examples thereof are compounds 
w/horoin Iho alkyl. allcenyl, aralkyi, cyctoalkyi and aikoxy groups have respectively i to 6» 2 to 5, 7 to 9, 3 to 6 and 1 to 
3S 5 caiton atoms. 

Sxamplos of the sitetiiuenis include alkyl, alkoxy. aryl. aryloxy and acyi groups, halogen atoms such as chlorine 
Of bromine, and hydroxyl, amino, niiroand thiol groups. The heterocyclic group may be exemplified by those having 
at least one hoteroatom selected from among nitrogen, oxygen and sulfur. 

Particular examples thereof include laotoniirile» 3-chlorolactonrtrile, 2-hydroxy-n-proptonitriie, 2-hydroxy-n-buty- 

40 ronitrilOp 2-hydroxy-isobuiyronitrile, 4-methyIthio-2'hydroxybutyronitriIe, tsobutylaldehyde cyanohydrtn, 2-hydroxy-n- 
hoxylonitrile. 2,4*dihydroxy-3»3-dimethyibutyronrtnle, 2-hydroxy'n-heptylonitrile, 2-hydfo>cy-n-octytonitril9, acrolein cy- 
anohydrin. mothacrylaWehyde cyanohydrin, 1-bmene-4-cafboxyaldehyde cyanohydrin, i-pentene-S^rboxyaWehyde 
cyanohydrin, mandobnltrile, 2<hlofomandelonitrile, 3-chloromandelonitrile. 4-chloromandek?nitrile» 4-bromomandelo- 
nlirilo, 44nethylmandetonitrile, 4-isopropylmandelonitrile, 4-methoxymandeloniirile, 4-phenyb7iandetonttrile: 4-phenox- 

45 ymandolonitrile, 3-phenoxymandeloniiriie, 4-hydroxymandelonltrile, 4^iitromandelonrtriie, 4^minomandelonitrile, 
4-mothyithlomandelonltrlle, 2^aphihylakjehyde cyanohydrin. 3-phenyllactonitriie. 3-phenylproplonealdehyde cyano- 
t^ydrin. 4-phenylbutylaldehyde cyanohydrin. cyciopfopyiaidehyde cyanohydrin, cyclobutylaldehyde cyanohydrin, cy- 
cioponlylaldehyde cyanohydrin, cyclohexylaldehyde cyanohydrin, melhoxyaldehyde cyanohydrin, n-pentoxyakiehyde 
cyanohydrin, phenoxyaldehyde cyanohydrin, 2-thk3phenecarboxyaldehyde cyanohydrin, 2-pyrrolecarboxyaldehydo 

so cyanohydrin, 2-furaidehyde cyanohydrin^ 2-pyridinecarboxyaldehyde cyanohydrin and 2'hydroxy-2-phenylpropionj- 
irilo. 

The invention may be practiced according to the folk>wing description. However, many variations are possible 
within the ocope of the described embodiments. 

A cyanohydrin is hydraied or hydroly^ed by contacting the cyanohydrin or the aldehyde and pruesic acid constituting 
BS the same with a microorganism, which has been optionally treated (disrupted cells, crude or purified enzyme, immo- 
bilized coDs or enzyme, etc.), in an aqueous medium. 

Oosaited waier, aqueous solutions of saits such as sodium sulfate, sodium acetate, sodium chbride, potassium 
chlorido, sodium phosphate or ammonium chkDride. neutral or alkaline phosphate buffer solutbns and borate buffer 
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eolations may bo usod as the aqueous medium. The concentratior thereof ranges from 1 mM to the saturation con- 
cGntrallon, preferably f rom 1 0 lo 1 00 mM. The cor^entratfon of the cells, which nrtay have been treated, is from O.Oi 
to 5.0 % by weight in terms of dry matter. The reaction temperature may be adjusted to a level giving a high productivity 
within a range of from 0 to SO preferably from 10 to 35 ""C. 
s I n tho prosent invention, the cyanOliydrin concentration is set to such a level as to provide a cyano ion concentration 
within the doiectablo range ot the cyano ion detector (i.e., from O.Ol to 10 mM, preferably from 0.1 to 5 mM). 

The appropriate concentration may be attained by preliminariiy forming a calibration cun/e, showing a correlation 
betwooA tho cyano ion concentration (mV) Indicated by the cyan ion detector and the mandelonitrile concentration 
(mM). and Ihon regulating the cyano ton concentration Indicated by the cyan ion detector within a dafinite range 
70 Whon iho cyanohydrin or the ald^yde and pnjsaic acid show low solubilities, an organic solvent or a surfactant 
may bo added at such a level as not to effect the reaction to thereby elevate the solubilities. 

Tho concentration of sulfite ion, if added, is not particularly limited but can be determined depending on the lands 
and conconu^itions of cyanohydrin and aldehyde. Usually, it ranges from 1 to 300 mM. 

Tho opl»C-*Wy hCIivc a-hydroxy acid or a-hydroxyamido f onned in the reaction mljdurc can bo isolated by rennoving 
75 the Cdlls by lor Olympic contrif ugaiion followed by treatments known to those of sidll in the art such as concentration, 
oloctrodiaiysi'^ •on cxchrinqc extraction, crystallization, etc. 

To furihot kiiu^iffflic me present nvention in greater detail, and not by way of limitation^ the folbwing Examples will 
bo givon 

^ EXAMPLS 1 

AS Figure i show^ n lOrfCiion jysiom was provided with an automatic cyanohydrin controller (h), and R-mandellc 
acid was produced by hydfolyzing mdndcJonitrile using Gordona terrae MA-1 . 

In this oppQr?.itu3 tho power supply ol tho feedstock cyanohydrin supplier (h) was swrtched using a regulator (b) 
SB which eoneiatod of rm rimpliticr. an OfM'Of F relay, etc. Tho regulator (b) was used to regulate the output voltage from 
Iho cyano ion doiocior ra) within a defmite range depending upon the cyano ion concentration in the reaction mixture 
(g). Thus, in a reaction tank (f ) equipped with a stirrer (c). the concentration of tho feedstock cyanohydrin in the reaction 
mixture was controlled wiihm a definite range. 

Tho hydrolysis was performed in a 50 mM phosphate buffer solution in the presence of 100 mM of sodium sulfite 
so with a coll concentration {OD^ of 4.2, at a pH of B.2 to 8.4. at 30 for 22 hours 

The concentratfan of the feedstock cyanohydrin was automatically controlled by prolimrnarily forming a calibration 
cun/o and thon regulating the cyano ion concentration indicated by the detector within a definite range. Tho calibration 
cun/o showed a correlation between the cyano Ion concentration (mV) indicated by the cyan ion detector and the 
mandelonitrile concentration (mM) 
9S Tablo 1 Shows Iho results. 



Table 1 



Regulation range of mandek>nitrile 


17.3- 19.6 mM 


Cone, of R-mandelk^ acid formed 
Optical purity of R-mandelk; acid 
Cone, of unreacted mandebnitrlle 
Conversion ratio 


1315 mM 

98.9 % ee 
18.0 mM 

9B.5% 



EXAMPLE 2 

In accoidance with the method of Example i , mandelonitrile was hydrated using flhodococcus ep. HT40-6 instead 
ol Gordona torrao i^-i to thereby produce S-mandelanmde. 

The hydration was performed In a 50 mM phosphate buffer solution In the presence of 100 mM of sodium sulfite 
^ wim a coll conconiration [00^) ol 1 0.0, at a pH of 8.2 to 8.4, at 30 for 22 hours. 
Table 2 shows the results. 



Tabic 2 



Regulation range of mandetonitrile 


17.0- 20.0 mM 


Cone, of S-mandelamkle formed 


1522 mM 



Continuation of the Table on the next page 
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Table 2 (continued) 



Regulation range of mandelonitrile 


17,0-20.0 mM 


Optical purity of S-mandeiamicie 
Cone of unreacted mandelonitrile 
Conversion ratio 


95,0 % ee 
19.5 mM 
98.7% 



EXAMPLS3 

in accordance wlih the method of Example i . S^hloromandelonilrile was hydrolyzed to thereby produce IM-chio- 
romsndel'icecid 

The hydrolysis wae performed in a 50 mM phosphate buffer solution in the presence of 100 mM of sodium sutfit© 
wfth a coll concentration {00^ of 4.2, at a pH of S.6 to 8.8. at 16 •G for 22 hours. 
Table 3 shows the results. 



Table 3 



Regulation range of 3-chloromandetonitrilo 


6.4 - 9.5 mM 


Cone, of R-3-chloromandelic acid formed 
Optical purity of R-3-chloromandOiic acid 
Cone, of unreacted 3^hlroromandelonitrile 
Convereion ratio 


S04nfiM 
99.0 %ee 
8.4 mM 
99.0% 



EXAMPLE 4 

In accordance with the method o1 Example 1 . 3-phenyllactonltrile was hydrotyzed to thereby produce $<5-phenyl- 

lactlc acid. ^ ^ 

Tho hydrolysis was performed in a 50 mM phosphate buffer solution in the presence of 100 mM ot sodium sulfite 

whh a cell concentration (ODeao) oi 18.5. at a pH of 8.4 \o 8.6. at 30 'Cior 168 hours. 
Ibblo 4 shows the results. 



Tabic 4 



[Regulation range ot phenyllactonitrile 


8.0- 10.0 mM 


Cone, of S-phenyllactic acid formed 
Optical purity of S-phenyllactic acid 
Cone, of unreacted phenyHactonitrBe 
Conversion ratio 


140 mM 
77,1 %ee 
fi.5mM 
94.3% 



eXAMPLES 

In accordance with the method of Example 1 . 2-hydroxy-4.phenylbutyronitrlle (hereinafter referred to as HP8N) 
was hydrolyxcd to thereby produce S-2-hydroxy^-phenylbutyric acid (hereinafter referred to as S-HPBA). 

Tho hydrolysis was performed in a 50 mM phosphate buffer solution in the presence of 1 00 mM of sodium sulfite 
with e coll concentration (ODsm) 53.7. at a pH of 8 5 to 8 6, at 20 •C for 48 hours. 

Table 5 shows the results 



Table 5 



Regulation range of HPBN 


5.0- 15.0 mM 


Cone, ot S-HPBA formed 
Optical purity of HPBA 
Cone, of unreacted HPBN 
Conversion raib 


399 mM 
99.0 % eo 
5.2 mM 
98.7% 
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EXAMPLE 6 

The pfocedure of Example i was repeated but the mandeloniirile was substituted with sodium cyanide and ben- 
zaidohydo to thereby produce R-mandelic acid. 

Tho reaction W8$ performed In a 50 mM phosphate buffer solution in the presence of 100 mM o1 sodium sulfite 
with a coll concentration {OD^) of 8.8. al a pH of 8.2 to 8.4, at 30 "C for 23 hours. 

As the sodium cyanide and benzaldshyde, 47 % aqueous solution of sodium cyanide (9.6 mmol/ml) and 97 % 
bonzaldohydo (9.6 mmol/ml) were used respectively. In this case, the calibration cun/e formed in Example 1 was used. 
It showed a correlation between the cyano ion concentration (mV) Indicated by the cyan ion detector and the leedstock 
concontration (mM). 

Table 6 shows the results. 



Tabled 



Regulation range of mandelonitrlle 


18 0-20.0 mM 


Cone, ol R-mandellc acid lonmed 
Optical purity of R-mandeiic acid 
Cone, of unroactod mandelonltrilo 
Conversion ratio 


986 mM 
98.6 % ee 
18.4 mM 
98.2% 



COMPARATIVE EXAMPLE 1 

R-iwtandelic acid was produced by hydrolyzing mandelonitrlle using Gordona terrae M A-1 while not using a cyano 
Ion doiocior (a) but while regulating ihe flow rate ol a pump ror supplying the leedstock at a constant level. 

The hydrolysis was performed in a 50 mM phosphate buffer solution in the presence o< lOO mM of sodium sulfite 
with a coll concentration {00^ of 4.2» at a pH of B.2 to 8.4. at 30 for 22 hours. 

Table 7 shows the results. 



Table 7 



Supply rate of mandelonitrile 


60,6 mmol/hr 


Amount of reacted mixture 
Cone, of R-mandcllic acid formed 
Optical purity of R-mandelic acid 
Cone, of unreacted mandebnitrile 
Conversbn raib 


1.000 ml 
250 mM 

98.5 % ee 
1082 mM 
18.8% 



COMPARATlVg EXAMPLE 2 

R-Mandolic acid was produced by hydrolyilng mandolonitrile while not using a cyano ion dolactor (a) but while 
regulating the flow rate of a pump tor supplying the feedstock to 1M (constant) of that of Comparative Example 1 . 

The hydrolysis was performed ffi a 50 mM phosphate buffer solution in the presence of 100 mM of sodium sulfite 
with a cell concentration (ODeao) of 4.2. at a pH of 8.2 to 8.4. at 30 "C for 88 hours. 

Table 8 shows the results. 



Table 6 



Supply rate of mandek)nitrile 


l5.2mmol/hr 


Amount of reacted mixture 
Cone, of R-mandellc acid Tomied 
Optical purity of R-mandelic acid 
Cone, of unreacted mandebnitrile 
Conversbn ratb 


1,000 ml 
1210 mM 
97.0 % ee 
128 mM 
90.4% 



According to the present invention, the feedstock cyanohydrin can be supplied at a relatively low and constant 
conccnltalion on the basis of the consumption ratio of the same. Thus, the reaction rale of the catalyst can be contffi- 
uoufily regarded as the rale-limiting factor. As a result, a decrease in the enzymatic activity during the reaction can be 
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sLinorossod and an eplicaOy active a-hydroxy acid or «4iydtoxyamido can be efficiently obtained at a high yield 

'K^hetvX^as been deecribe'in detail «nd w«h referer^ce to specific embodiments «;ar^. « ^""^ 
app^nt to «.rskilled in the art that vartous changea and modif.catior« can be madetherein without departng from 
tha spirit and scope thereof. 

s 

Claims 

1 A method lor producing an optically active a-hydroxy acid or a-hydroxyarriide comprising treating a cyano^rdm 
,0 foXcmedb<or,nu4}wilh%mfc,oorQanism.vvhichrT«yh8vebeentre^^ 

activi^io convert said cyanohydrin into an optically active a-hydroxy acul or a-hydroxyanude represented by 
formula (II) 



15 



20 



as 



R,-C-CN (I) 
OH 



OH 

wherom R. rnprosents a hydfooen atom or a methyl group; Ra represents a substituted or unsubstituted alkyi 
areup in wh«h ft. b not a methyl group when R, is a mgthyl group, a substituted or unsubstituted alkenyl group 
Lub3tituiedofuiUubstrtutedarylQroup.a6Ub6fitutederunsub6tltutedaralkylgrDup,aBubstrtutedorun6ubs^^ 
cycloalkyi group a substituted or unsubstituted alkoxy gfouP. a aubstltuted or urtsubstituted aryloxy group, or a 
substituted or unsubstituted. eaturatcd or unsaturated hetorocyele group; and X represents a cartxscyl group or 

Ah ©n amido croup . . . . 

Whoroin an automatic cyanohydrin controller comprising a cyano ion detector* a regulator and a cyanohydnn «up- 
plior linked thereto 15 lurnished lor pertorming the reaction while automatically controlling tho cyanohydrin concen- 
tration. 

35 2. A method ae claimed in claim 1 . modified by replacement Of ihe cyanohydr^i ropreeented by fomiula (!) by an 
eldohydo and prussic acid consiliuting said cyanohydrin. 

3. Amothodasclaimedinclaimi or2.v^ereinthereactioni$per^^^ 

40 



46 



60 



i 
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Figure 1 
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